Introduction
Run 2 of the Large Hadron Collider (LHC) [1] at CERN is now in its last year of running before a 2-year shutdown. From 2015 to 2017 the LHC delivered 80fb −1 of data to be used for physics analyses. Despite all the data which has so far been collected by the ATLAS experiment [2] none of the numerous analyses which have been conducted show any significant evidence for new physics beyond the Standard Model (SM). With an expected doubling of the luminosity by the end of 2018 analyzers will get even more data, to be analyzed in great detail during the long shutdown. One of the theories which occupy a majority of physicists looking for physics beyond SM is Supersymmetry (SUSY). SUSY postulates a symmetry between fermions and bosons, predicting a new set of supersymmetric particles closely linked to their SM partners with an exception of spin, which differs by 1/2. However, the so far negative results from all searches for supersymmetric partners suggest that the symmetry must be broken, allowing the SUSY particles to acquire a larger mass than their SM partners [3] . Despite decades of negative results from SUSY searches from many different experiments it is still one of the most vital theories beyond the SM, mostly because it provides a very attractive and elegant solution to the hierarchy problem [4] [5] [6] [7] and predicts the existence of a Weakly Interacting Massive Particle (WIMP), a good candidate the dark matter in the universe [8, 9] .
The absence of any evidence for SUSY has motivated physicists to not just wait for more and more data to be collected, but to develop better reconstruction techniques taking into account the fact that many supersymmetric scenarios feature final states with non-standard event kinematics. To obtain better sensitivity to larger parts of the SUSY phase space, events are being reconstructed by novel techniques taking advantage of recent developments within event reconstruction in ATLAS. In the following some of the applications of innovative reconstruction techniques to supersymmetry searches in ATLAS are presented.
Boosted Objects
The shower of particles originating from the hadronisation of a strongly-interacting particle produced in a high-energy particle collision is reconstructed experimentally as a jet. In the ATLAS detector this is performed using various recombination procedures, for which most SUSY analyses use the anti-k t algorithm. Common for all the recombination procedures is a predefined distance parameter, R, which determines the ultimate size in (y, φ )-space of the output jets. However, the optimal R is process-dependent and scales (for a two-body decay) as the inverse of the momentum under consideration. This means that ideally the R parameter would be optimized for each and every analysis. This is not feasible because each jet configuration needs to be calibrated to account for detector response, pile-up suppression and other experimental effects. Most analyses in AT-LAS use an R parameter of 0.4. A method enabling use of different values of R for their jets has been developed, where one builds large R-jets from smaller, calibrated, R-jets through re-clustering algorithms [10] . Using this method the calibration of the small R-jets automatically gives the corresponding calibration of the re-clustered large R-jet. Comparing R = 1.0-jets built directly using topo-clusters from calorimeter cells with re-clustered R = 1.0 jets reveals both smaller uncertainties on the jet mass and better resolution for the re-clustered jets [11] . Large R-jets are used in several analyses searching for SUSY in ATLAS. In searches for direct production of stop quarks [12] large R-jets (R = 3.0) are used to target events where top quarks are produced with a significant boost. The radius of each reconstructed large R-jet is iteratively reduced to an optimal radius matching their p T given by R(p T ) = 2 m top p T . If a jet candidate looses a large fraction of its p T in the reduction it is discarded. The same technique, but disregarding b-tagged jets, is used to identify boosted W candidates. Using the re-clustered jets one can calculate the jet mass given in Eq. 2.1
where i runs over the constituents of the jet. Distribution of the mass of the reclustered top-quark, m reclustered top , candidate is shown in Figure 1a . Large R-jets and corresponding jet masses are also [12] In (b) is the total jets mass for the SM backgrounds (colored histograms) and two signal models (dashed lines). [13] used in analyses targeting models of direct gluino production where each gluino undergoes an effective three body decay,g→ttχ 0 1 , via off-shell top squarks with 100% branching fraction [13] . In these events the decay products of hadronically decaying boosted top quarks can be reconstructed within a single large R re-clustered jet, resulting in a jet with high mass. This is then further used in constructing a total jet mass for the complete event,
where m J,i is the mass of the i th re-clustered large R-jet in the event. Figure 1b illustrates the good discriminating power of the total jet mass against tt for two signal models. Thanks to the re-clustering techniques several SUSY searches in ATLAS now use large R-jets to increase their sensitivity in many regions of phase space. These methods become particularly sensitive when the mass difference between the parent and child SUSY particle in the decay chain is large, i.e. where we expect the objects to be significantly boosted.
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Recursive Jigsaw Reconstruction (RJR)
The previous Section described SUSY searches targeting typical scenarios with large mass differences between the parent and the child SUSY particle. However, since we do not know the overall mass scale nor the mass hierarchy of the SUSY particles one should try to target also the more compressed regions, where the mass differences of the SUSY particles in the decay chain are small. Traditionally these scenarios have proven to be very challenging since one a priori expects little missing transverse energy (E miss T ) and low momenta particles. To circumvent the problem of low momenta particles and small E miss T one in stead considers events with initial state radiation, where the high momentum of the SUSY decay chain comes from the recoil against a high momentum initial state radiation (ISR) jet. These scenarios typically motivate searches for mono-ISR-signals where one does not reconstruct the recoiling part of the event, but simply treat the E miss T recoiling against a high p T jet. The Recursive Jigsaw Reconstruction (RJR) technique [14] [15] [16] , however, tries to separate the ISR objects from the sparticle objects. This is accomplished by considering each event to follow a decay tree as sketched in Figure 2a which first involves a transformation from the lab to the center of mass (CM) frame. The CM system includes all visible objects as well as the E miss T . The objects are then further classified into two groups depending on whether or not they come from the SUSY decay chain (S) or not (ISR). The SUSY decay chain system is further divided into a visible (V) and an invisible (I) system, where the latter is assigned to the system of the LSPs produced in the event. Each event is then reconstructed by first ignoring the longitudinal momenta of all jets and treating E miss T as the transverse momentum of I (assuming zero mass). All jets are then further partitioned into ISR and V by minimizing the mass of the ISR and S systems. Finally the event is analyzed in the transverse view and several kinematics variables are constructed. One such variable is the p CM T S which is the magnitude of the vector sum of the E miss T and the transverse momenta of all jets associated to the S system, evaluated in the CM frame. The good discriminating power of this variable is clearly illustrated in Figure 2b signal model of direct production of gluinos decaying into quarks and the LSP with a mass splitting
PoS(DIS2018)082
Reconstruction techniques in supersymmetry searches Eirik Gramstad of only 50 GeV between the gluino and the LSP. The RJR techniques are used in several searches for SUSY in ATLAS with jets, E miss T and/or leptons in the final state [12, [17] [18] [19] .
Searches with b-and c-tagged jets
In supersymmetric models, naturalness arguments suggest that the superpartners of the third generation quarks (stop (t) and sbottom (b)) are the lightest colored supersymmetric particles [20, 21] . This would result int andb quarks being produced at a relatively high rate at the LHC giving final states with several b-and/or c-jets. Since the start-up of the LHC the b-and c-tagging performance has increased significantly, especially with the installation of the insertable b-layer (IBL) [22] . Since then the use of new reconstruction techniques and by exploiting new approaches to multivariate analyses and training samples have further increased both the b-and c-jet tagging efficiencies as well as the rejection against lighter quarks and tau leptons. The increased performance in b-and c-tagging has resulted in increased sensitivity in analyses targeting direct production of charm, bottom or top squarks. The latter model is particular interesting in the cases were the mixing between the top and the charm squark is large. This would lead to cases were the two-body decay of a stop into a charm quark and the LSP is favored with respect to the three-and four-body decays,t → W bχ 
Conclusions
Although LHC has delivered large amounts of data at √ s = 13 TeV analyzers are constantly developing better and more sophisticated techniques to probe new SUSY parameter space. This article has discussed a few of these new techniques, which all have been used by one or several analyses searching for SUSY recently published by the ATLAS experiment. All these analyses have significantly extended the parameter space, in particular in cases where SUSY predicts very boosted objects, a compressed sparticle spectra or several high p T b-or c-jets. With the upcoming long shutdown of the LHC the invention and development of novel reconstruction techniques will be even more important in order to fully utilize all the data delivered by the LHC.
